In this study, we analyzed the role of Candida parapsilosis-secreted aspartyl proteinase isoenzyme 1 (SAPP1) in virulence. The in silico analysis of SAPP1 sequence revealed a 2871 base pair-duplicated region (SAPP1a and SAPP1b) in the genome of C. parapsilosis. We generated homozygous DDsapp1a, DDsapp1b, and DDsapp1a-DDsapp1b mutants. Notably, Sapp1 production in an inducer medium was reduced by approximately 50% in the DDsapp1a and DDsapp1b mutants, but the other validated SAPP gene (SAPP2) was not affected. In contrast, Sapp2 production was increased in the DDsapp1a-DDsapp1b mutant relative to wild-type (WT) yeast. The DDsapp1a-DDsapp1b strain was hypersusceptible to human serum and was attenuated in its capacity to damage host-effector cells. The phagocytosis and killing of DDsapp1a-DDsapp1b yeasts by human peripheral blood mononuclear cells (PBMCs) and PBMC-derived macrophages (PBMC-DM) was significantly enhanced relative to WT. Phagolysosomal fusion in PBMC-DMs occurred more than twice as frequently with ingested DDsapp1a-DDsapp1b yeast cells compared with WT.
Yeasts of the genus Candida remain the most prevalent cause of human mycotic diseases worldwide, and range in severity from superficial infections to life-threatening systemic diseases [1, 2] . Candida parapsilosis is currently the second or third most common cause of invasive candidiasis [3] . C. parapsilosis is particularly associated with specific patient groups such as immature infants or immunocompromised adults [1] .
Although factors responsible for the virulence of C. albicans are extensively studied, relatively little is known about the genetic background of virulence factors for C. parapsilosis. Adhesion to host surface, cell morphology switching between yeast and filamentous growth, biofilm formation, and secretion of hydrolytic enzymes are considered to be the most important features for development of candidal disease [4] . Secretion of hydrolytic enzymes such as lipases, phospholipases, or aspartyl proteinases have been associated with C. albicans virulence [5] . We have previously demonstrated the role of lipase in C. parapsilosis pathobiology [6] .
C. albicans possesses 10 genes encoding secreted aspartyl proteinases (Saps); expression of a particular Sap isoenzyme depends on the type, site, and stage of infection [7, 8] . For example, C. albicans SAP2 is the major proteinase expressed under induced conditions, while SAP1 and SAP3 are expressed during morphological switching [5] . In contrast to these and other results, little is known about the exact role of C. parapsilosis-secreted aspartyl proteinases (Sapps) in the development of virulence in host-pathogen interactions. In C. parapsilosis, SAPP1, and SAPP2 are the 2 annotated secreted aspartyl proteinase genes. Sapp1 and Sapp2 have been studied at the enzymological level [9] [10] [11] [12] [13] . As with C. albicans Saps, both C. parapsilosis Sapp proteins are synthesized as preproenzymes and can be activated autocatalytically or by a membrane-bound Kex2-like protein [13] . Sapp1 and Sapp2 display different expression patterns and catalytic properties. For example, Sapp1 production in inducer medium has been shown to be significantly higher than Sapp2, and Sapp1 has broader substrate specificity [9, 10] .
In our prior work, we demonstrated that the epidermal and epithelial damage caused by C. parapsilosis in reconstituted human tissue was significantly reduced in the presence of the proteinase inhibitor pepstatin A [14] . This suggested that C. parapsilosis Sapps were involved in virulence. Thus, we undertook an analysis of the role of C. parapsilosis SAPP1 in the pathogenicity of this important human pathogenic fungus.
RESULTS

In Silico Analysis of the SAPP1 Locus
In silico analysis of SAPP1 genes was carried out using the C. parapsilosis genome database (www.sanger.ac.uk/sequencing/ Candida/parapsilosis/). Two 2871 base pair (bp)-duplicated regions containing the complete SAPP1 open reading frame (1206 bp) were identified at a distance of 32 kilobase pairs from each other, as were the promoter and terminator regions. The alignment of the 2 sequences revealed that all nucleotides within the duplicated 2871-bp region were identical (data not shown). We defined the upstream gene as SAPP1a and the downstream one as SAPP1b ( Figure 1A ).
Disruption of SAPP1a and SAPP1b Loci
To characterize the role of SAPP1, all 4 alleles of the gene were deleted from the wild-type (WT) strain of C. parapsilosis. Extended Southern blot-based restriction analysis demonstrated variations in the upstream and downstream regions of the duplicated loci of SAPP1b and SAPP1a that allowed us to distinguish the 2 distinct SAPP genes ( Figure 1B, lane 1) . First, 2 independent homozygous DDsapp1a mutants were generated from WT yeast cells by repeated transformation with a pSFS2Sapp1a flipper cassette ( Figure 1B) .
It is noteworthy that the pSFS2Sapp1a plasmid did not target the SAPP1b locus during the first 2 transformations. Attempts also failed at transforming the DDsapp1a mutants with the pSFS2Sapp1a plasmid to target the SAPP1b locus. Based on the sequence differences of the flanking regions of the duplicated segments, a specific pSFS2Sapp1b-targeting vector was generated to knock out the SAPP1b gene. WT yeast cells were transformed with this SAPP1b-specific pSFS2Sapp1b plasmid, and homozygous DDsapp1b mutants were generated ( Figure 1C) . A DDsapp1b mutant was further used to generate the DDsapp1a-DDsapp1b double-homozygous mutant strain. To achieve this goal, the DDsapp1b mutant was transformed with the plasmid pSFS2Sapp1a ( Figure 1D ).
Quantitative In Vitro Gene Expression Levels of SAPPs
To study the impact of the individual gene duplicates, we examined the in vitro gene expression levels of SAPP1 and SAPP2 in the WT and mutant strains cultivated in proteinase inducer (yeast carbon base [YCB] 1 2% bovine serum albumin [BSA] ) and noninducer (control: yeast extract, peptone, and dextrose [YPD]) media. Messenger RNA (mRNA) levels of SAPP1 and SAPP2 genes were monitored by quantitative realtime polymerase chain reaction (qRT-PCR) after overnight incubation of the yeast cells in both media. In WT yeast cells, both SAPP genes were expressed at very low levels in YPD medium, whereas SAPP1 was more highly upregulated in inducer medium (approximately 80-fold increase relative to YPD control) compared with SAPP2 (approximately 15-fold increase relative to YPD control; Figure 2A and 2B). Notably, the expression level of SAPP1 decreased by more than 50% in the DDsapp1a and DDsapp1b mutant strains relative to WT in inducer medium, while the expression levels of SAPP2 were similar to that of WT. The loss of all 4 SAPP1 alleles was confirmed by the absence of detectable mRNA for SAPP1 in the DDsapp1a-DDsapp1b double mutant in the induction medium ( Figure 2A ). Interestingly, the transcriptional level of SAPP2 in the double mutant under the induced condition significantly increased (approximately 55-fold increase relative to WT YPD control and 3.8-fold increase relative to WT YCB 1 2% BSA medium; Figure 2B ).
Semiquantitative Detection of Extracellular Proteinase Activity and Quantitative High-Performance Liquid Chromatographic Measurement of Sapp1 and Sapp2
To examine the effect of gene deletion on extracellular proteinase activity, WT and mutant strains (Dsapp1a, Dsapp1b, DDsapp1a, DDsapp1b, DDsapp1a-Dsapp1b, Dsapp1a-DDsapp1b, and DDsapp1a-DDsapp1b) were spotted onto YCB 1 2% BSAcontaining plates. After 2 days of incubation, the plates were stained with Amido Black, and the widths of the clearance zones were measured ( Figure 3A ). The WT, Dsapp1a, and Dsapp1b strains exhibited similar proteolytic activities. The DDsapp1a-DDsapp1b strain showed a decreased level of proteolytic activity ( Figure 3B ).
To accurately quantify the amounts of Sapp1 and Sapp2, the WT, DDsapp1a, DDsapp1b, and DDsapp1a-DDsapp1b double-deleted homozygous mutants were cultivated in YCB 1 2% BSA, and the supernatants were collected and concentrated. Samples were applied with the fluorescent substrate DABCYL-Glu-His-Val-Lys-Leu-Val-Glu-EDANS, and the enzymatically converted products were measured by high-performance liquid chromatography (HPLC). Purified Sapp1 was used as a control [10] (Figure 3C ). Two main peaks were observed in the samples from WT, DDsapp1a, and DDsapp1b cultures that were characteristic of Sapp1 and Sapp2 ( Figure 3D-F) . A low, non-Sapp1-specific peak can be observed in the chromatogram of the DDsapp1a-DDsapp1b mutant ( Figure 3G , peak marked with #), which is similar to findings in prior studies where an additional low peak localized near the peak of the specific Sapp1 [10] . Hence, this nonspecific low peak is considered to be a non-Sapp1 characteristic product. In comparison to WT, the relative activity of Sapp1 decreased by 45% in the DDsapp1a mutant and 30% in the DDsapp1b mutant ( Figure 3H ). There was no detectable specific Sapp1 activity in the DDsapp1a-DDsapp1b mutant, which again confirmed the successful gene deletion. The relative activity of Sapp2 was similar to WT in the DDsapp1a and DDsapp1b homozygous mutants, while Sapp2 activity increased by 50% in the DDsapp1a-DDsapp1b mutant ( Figure 3H ). Thus, the measured Sapp1 and Sapp2 activities in the various deleted mutants correlated with the produced transcript levels detected by qRT-PCR.
DDsapp1a-DDsapp1b Mutant Strain Is Sensitive to Human Serum
C. albicans Saps cleave the proteins of the human complement system and other microbicidal serum factors [15] . To investigate the effect of human serum, yeast cells were cultivated in intact (not heat-inactivated) or heat-inactivated human serum; then, colony-forming unit (CFU) determinations were performed at different time intervals. Whereas all the C. parapsilosis strains propagated similarly in 20% heat-inactivated serum ( Figure 4A ), the viability of the DDsapp1a-DDsapp1b mutant strain in intact serum was reduced by approximately 70% and 60% after 24 and 48 hours of incubation, respectively ( Figure 4B ). There were no differences between the growth of WT, DDsapp1a, and DDsapp1b in intact human serum ( Figure 4B ).
Phagocytosis and Killing of SAPP1 Mutant Strains
The efficiency of primary human macrophages to phagocytose WT yeasts, DDsapp1a, DDsapp1b, and DDsapp1a-DDsapp1b double-mutant strains was compared using fluorescenceactivated cell sorting (FACS) analysis of coincubated cultures, where yeast cells were labeled by fluorescein isothiocyanate (FITC), and macrophages were labeled with CD14-phycoerythrin (PE) antibody. The results showed that the DDsapp1a-DDsapp1b cells were ingested more efficiently than WT yeast cells by the primary human macrophages (52.9% vs 35.8%, P , .0001) ( Figure 5A and 5B).
The capacity of peripheral blood mononuclear cells (PBMCs) and peripheral blood mononuclear cell-derived macrophages (PBMC-DMs) to kill ingested C. parapsilosis WT, DDsapp1a, DDsapp1b, and DDsapp1a-DDsapp1b double-deleted mutant cells was measured by CFU determination after coincubation. Both PBMCs and PBMC-DM cells were able to kill significant numbers of C. parapsilosis cells. Notably, PBMCs killed significantly more DDsapp1a-DDsapp1b cells than WT cells (59.69% vs 31.6%, P , .0001; Figure 5C ). PBMC-DM cells were more efficient at killing each of the 3 mutant yeast strains compared with the WT (mean 63.5% for the 3 mutant strains and 44.9% for WT, P 5 .0027; Figure 5D ). These results indicate that Sapp1 has an important role in the interaction of C. parapsilosis with macrophages.
The DDsapp1a-DDsapp1b Double Mutant Is Less Capable of Causing Host-Cell Damage
The ability of the DDsapp1a, DDsapp1b, and DDsapp1a-DDsapp1b mutant strains to damage PBMC-DM cells was monitored with lactate dehydrogenase (LDH) release assay. There were no significant differences between PBMC-DM death caused by C. parapsilosis WT or by the 3 SAPP1 mutant strains within 24 hours. However, PBMC-DM cell death was significantly reduced in cocultures with DDsapp1a-DDsapp1b mutant cells relative to WT at 48 hours (1.41 relative LDH activity by double knockout vs 2.91 by WT, P , .0001; Figure 5E ).
The Incidence of Phagolysosome Fusion Increased Upon DDsapp1a-DDsapp1b Infection
To investigate the process of phagocytosis of WT versus the mutant yeast strains in more detail, fluorescent microscopy was used to visualize the phagolysosome fusion process. WT, DDsapp1a, DDsapp1b, and DDsapp1a-DDsapp1b yeast cells were stained by Calcofluor White (Sigma) and coincubated with PBMC-DM cells. After coincubation, Lysotracker Red (Invitrogen) was added to the cocultures. Fluorescent microscopy images showed an increase in phagolysosome fusion upon DDsapp1a-DDsapp1b infection compared with WT (71 % DDsapp1a-DDsapp1b vs 30 % WT, P , .0001; Figure 6 ). The fusion rates with DDsapp1a and DDsapp1b were similar to that of WT. This result indicates that Sapp1 impacts intracellular survival within macrophages due to an inhibition of phagolysosome fusion.
DISCUSSION
Although C. albicans and C. parapsilosis are highly adapted to humans as commensal organisms, both species possess a variety of virulence attributes that mediate their ability to colonize a host and to potentially inflict damage directly or inactivate host defense mechanisms [8] . The fact that the SAP gene family is present in most pathogenic Candida species (eg, C. albicans [16] , C. dubliniensis [17] , C. tropicalis [18] , and C. parapsilosis [19] ) and is absent in nonpathogenic yeasts (eg, Saccharomyces cerevisiae) suggests that these isoenzymes are involved in virulence. Our in silico and Southern hybridization analyses demonstrated that 2 copies of SAPP1 are present in the C. parapsilosis genome and that there are no differences in their DNA sequences. At the most basic level, one function of different Sap isoenzymes is to digest host proteins to provide nitrogen sources; however, Saps could contribute to host tissue adhesion and invasion by degrading host cell surface structure and intercellular substances or by destroying Figure 1 . Generation of SAPP1 deletion mutants in C. parapsilosis. A, Genomic localization of the duplicated SAPP1a and SAPP1b genes. B, Southern blot hybridization analysis of ClaI/BamHI-digested genomic DNA isolated from C. parapsilosis WT GA1 (lane 1); the heterozygous SAPP1a mutant before cells and molecules of the host immune system to resist antimicrobial attack [8] . Ten SAP genes encoding different Sap isoenzymes have been identified in C. albicans [5, 20] . Although Sap isoenzymes of C. albicans are well studied in host-pathogen interactions and Sapp1 and Sapp2 have been purified and enzimologically characterized [9, 10] , the role of Saps in C. parapsilosis virulence remained enigmatic. In this study, we discovered that C. parapsilosis has 2 SAPP1 genes: SAPP1a and SAPP1b. To assess the importance of these genes, DDsapp1a, DDsapp1b, and DDsapp1a-DDsapp1b mutants were generated.
Transcriptional studies of the SAPP genes of WT and mutant yeast cells provided notable insights into the function of SAPP1a and SAPP1b. In vitro gene expression studies demonstrated that SAPP1 is the most highly expressed proteinase in C. parapsilosis WT strain under induced conditions. However, the transcriptional level of SAPP2 increased 3.5-fold in the DDsapp1a-DDsapp1b double mutant compared with that of the WT in inducing conditions, which suggests the existence of a monitoring system and a sensor that initiates a compensatory mechanism in response to the complete loss of the SAPP1. We used an agar plate assay and HPLC to quantify the amounts of Sapp1 and Sapp2 in the WT and mutant yeast strains. The elevated level of Sapp2 (2-fold increase) in the DDsapp1a-DDsapp1b mutant can be observed at the protein level that correlates with the mRNA expression results. Figure 2 . In vitro expression changes of C. parapsilosis SAPP1 and SAPP2 genes. Relative expression change of SAPP1(***P , .0001) (A ) and SAPP2 (B ) genes in WT GA1, the heterozygous Dsapp1a and Dsapp1b, the homozygous DDsapp1a, DDsapp1b, the heterozygous double mutants DDsapp1a-Dsapp1b, Dsapp1a-DDsapp1b, and in the homozygous double mutant DDsapp1a-DDsapp1b. Strains were cultivated in inducer (YCB 1 2% BSA) and noninducer (YPD) media at 30°C overnight, and the gene expression levels of SAPP1 and SAPP2 were measured. Expression levels were normalized, compared with the a-tubulin gene, and the fold change value was calculated using the DDC T method. Relative expression change was obtained by normalizing the expression values of inducing conditions to the WT noninducing expression values. All measurements were repeated 3 times with 3 replicates. (***P , .0001) Abbreviations: BSA, bovine serum albumin; nd, not detectable; WT, wild-type; YCB, yeast carbon base; YPD, yeast extract, peptone, and dextrose. In the setting of a host-pathogen interaction, microbes typically induce host innate immune reactions such as activation of the complement cascade and the cellular secretion of antimicrobial peptides. In C. albicans infection models, it has been demonstrated that C. albicans Saps can assist the fungus in evading the effects of the complement system by degrading its components [15] . Here, we showed that the C. parapsilosis DDsapp1a-DDsapp1b mutant was retarded in its capacity to grow in human serum, suggesting that Sapp1 acts similarly to C. albicans Saps.
Macrophages play an important role in the immunologic response to invading microorganisms indirectly by presenting antigens to other effector cells or directly by phagocytosing and killing the pathogens [21] . We have demonstrated that human PBMCs and PBMC-DMs were able to ingest and kill DDsapp1a-DDsapp1b mutants more efficiently than WT. Moreover, fluorescent microscopy revealed that the phagolysosome formation was more efficient when PBMC-DMs were infected with DDsapp1a-DDsapp1b mutant strain. Our results with the DDsapp1a-DDsapp1b mutant strain suggested that Sapp1 plays a role in inhibition of phagolysosome fusion and thus promotes the survival of C. parapsilosis inside macrophages. Interestingly, Saps can act as cytolysins in macrophages after phagocytosis [22] . In addition, host cell damage in response to C. parapsilosis infection was decreased in all 3 SAPP1 mutant strains, demonstrating an attenuated stress response to the host cells.
In conclusion, we have successfully generated DDsapp1a, DDsapp1b, and DDsapp1a-DDsapp1b mutant strains from a well-characterized WT to evaluate the contribution of C. parapsilosis Sapp1 to the pathogenicity of this critically important fungus. Our results show that Sapp1 is an important virulence factor in C. parapsilosis because it is associated with the capacity of the fungus to grow in human serum and survive inside human effector cells. Interestingly, the finding that Sapp2 is significantly upregulated in the absence of Sapp1 suggests the existence of a Sapp proteinproduction sensing mechanism in C. parapsilosis. Finally, the demonstrated role of C. parapsilosis Sapp1 in regulation of the host-pathogen interactions suggests that this particular proteinase can be a potential target for the development of new antifungal drugs. Table 1 contains the list of strains used and generated in this study. The WT GA1 was a clinical isolate [6] , while all other strains were generated in the current work. The strains were grown in YPD (0.5% yeast extract, 1% Bacto Peptone, 1% glucose) at 30°C. WT and mutant strains were cultivated in YCB supplemented with 2% BSA at 30°C for gene expression experiments and HPLC analysis.
MATERIALS AND METHODS
Strains and Culture Conditions
Generation of Disruption Constructs pSFS2Sapp1a and pSFS2Sapp1b
The pSFS2Sapp1a plasmid was used to disrupt the open reading frame of SAPP1a consisting of 1206 bp, while the pSFS2Sapp1b plasmid was used to disrupt the SAPP1b locus that targeted the entire 2871 bp duplicated sequence. For the pSFS2Sapp1a construct, a 648-bp upstream homologous region and 721-bp downstream homologous region were amplified from genomic DNA. To amplify the upstream region, a primer pair 5#-ttttttggtaccgtcttcaccctaccacaagtgctat gag-3# (KpnI site underlined) and 5#-ttttttctcgaggaatttgta attggtgtttgtcagctttg-3# (XhoI site underlined) were used. To amplify the downstream region, a primer pair 5#-ttttttgcg gccgcgctcgttggattataaacagttcagttc-3# (NotI site underlined) and 5#-ttttttgagctcgcttatgttgtttatgacttggaagac-3# (SacI site underlined) were used. The upstream and downstream PCR products were consecutively cloned to KpnI-XhoI and NotISacI sites of pSFS2 [23] . For the pSFS2Sapp1b construct, a 614-bp upstream and a 386-bp downstream region were amplified from genomic DNA and cloned as written above. For the upstream region, a primer pair 5#-ttttttttggtaccgtgacaatgt gttgagaaatgcttatg-3# (KpnI site underlined) and 5#-ttttttttctcga gattcggaacattgcctcactcac-3# (XhoI site underlined) were used. For the downstream region, a primer pair 5#-ttttttttgcggccgccgaaggac ctgaaattttaaatgacg-3# (NotI site underlined) and 5#-ttttttttgagctc gaacggaagtttcgatttaggcaatag-3# (SacI site underlined) were used.
C. parapsilosis Transformation and Generation of DDsapp1a, DDsapp1b, and DDsapp1a-DDsapp1b Deletion Mutants C. parapsilosis WT cells were transformed by electroporation [6] .
Southern Blot Analysis
Total DNA was isolated and digested with ClaI and BamHI in case of the generation of DDsapp1a and the DDsapp1a-DDsapp1b double mutants, respectively, and EcoRI was used when DDsapp1b mutant strain was generated. Southern hybridization was performed [6] .
Quantitative Real-time PCR
The C. parapsilosis WT and mutant strains were cultured overnight in YCB 1 2% BSA at 30°C. As a control, C. parapsilosis WT strain was cultured overnight in YPD medium. Total RNA isolation and single-stranded complementary DNA synthesis were performed [24] . As endogenous control, a-tubulin primers qTub4F (5#-gaacacttatgccgaggacaac-3#) and qTub4R (5#-actctcaccactgactccttgc-3#) were used. qRT-PCR was performed using the following primers: qSAPP1F (5#-actggacaacaaattgcagatg-3#) and qSAPP1R (5#-taaactgct tcattgctggtgt-3#) for SAPP1, and qSAPP2F (5#-gtcatatggg ggatttgcac-3#) and qSAPP2R (5#-cgctttgctgatgttaccag-3#) for SAPP2. Expression levels were normalized to the a-tubulin gene, and the fold change value was calculated using the DDC T method. Relative expression change had been obtained by normalizing the expression values of inducing conditions to the WT noninducing expression values.
Semiquantitative Detection of Proteinase Activity and Quantitative HPLC Measurements of Sapp1 and Sapp2
For semiquantitative detection of proteinase production, 5 lL C. parapsilosis WT and mutant cell suspensions (10 8 For quantitative HPLC measurements, WT, DDsapp1a, DDsapp1b, and DDsapp1a-DDsapp1b mutant strains were cultivated overnight in 50 mL YCB 1 2% BSA. Supernatants were sterile filtered with 0.45 lm Millex HV filter unit (Millipore). Samples were concentrated to 2 mL with 10 kDa Amicron Ultra-15 filter units with centrifugation at 4000g for 30 minutes. HPLC measurements were performed using the fluorescence substrate Dabcyl-Glu-His-Val-Lys-Leu-Val-Glu-EDANS. Purified Sapp1 was used as a control. The cleavage of the fluorescence substrate by Sapp1 and Sapp2 was monitored using HPLC equipped with a fluorescent detector [10] .
Serum Susceptibility Assay
The WT, DDsapp1a, DDsapp1b, and DDsapp1a-DDsapp1b strains were cultured overnight in YPD medium. Yeast cells were washed and, for each strain, 1.5 3 10 5 cells were inoculated into 5 mL 20% intact or heat-inactivated human serum (3 3 10 4 cells/mL) and incubated at 30°C. Aliquots were collected after 0, 8, 12, 24, and 48 hours of incubation and plated to YPD agar plates to determine CFUs.
Phagocytosis Assay by Flow Cytometry
Phagocytosis assays were done with primary human macrophages and C. parapsilosis WT and mutant strains [25] .
Briefly, human macrophages were infected with FITClabeled yeast cells in the ratio of 1:5. After 3 hours, incubation cells were washed and suspended in 200 lL FACS buffer (Biolegend), and 10 lL anti-hCD14 (R&D Systems) was added. The samples were analyzed on a FACS Calibur Flow Cytometer (Becton Dickinson) using CellQuest Pro software.
Killing Assays Using PBMCs and PBMC-DMs
PBMCs were isolated from buffy coat samples from healthy donors by density gradient centrifugation [26] . To induce macrophage maturation, cells were incubated at 37°C with 5% CO 2 in 100% relative humidity for 1 week. Yeast cells were added to the PBMC and PBMC-DM cultures at a ratio of 1:5, and the cocultures were incubated for 3 hours. As a control, the same number of C. parapsilosis WT and mutant strains alone were cultivated under the same conditions. Killing experiments using PBMCs and primary human macrophage cells were performed [25] .
LDH Measurement
For the infection of PBMC-DMs, WT, DDsapp1a, DDsapp1b, and DDsapp1a-DDsapp1b mutant strains were used at a ratio of 1:5. Macrophage cells alone incubated under identical conditions were applied as negative controls. LDH in medium from cultures containing uninfected and infected tissues at 24 and 48 hours was measured using the Cytotoxicity Detection Kit (LDH; Roche) according to the manufacturer's instructions. Relative LDH activity was calculated, as described previously [6] .
Fluorescent Microscopy
C. parapsilosis WT and mutant cells were stained with 500 lL Calcofluor White (50 ng/mL) for 15 minutes. Primary human macrophages were infected at a ratio of 1:5. The cocultures were treated, as described above. After a 3-hour incubation period, the cultures were stained with Lysotracker Red (50 nM) for 30 minutes. The ratio of phagolysosome formation was determined by fluorescence microscopy (Olympus DP-72).
Statistical Analysis
All statistical analysis was performed using GraphPad Prism version 5.02 for OSX (GraphPad Software, San Diego, CA). The significant differences between sets of data were determined by Kruskal-Wallis test, with Dunn multiple comparison posttest, or ANOVA with Dunnett multiple comparison posttest according to the data. 
Notes
